Assessing ZIKV transmission dynamics and mitigation strategies : a multidisciplinary approach by Sander, Beate et al.
*Project	 Title:	 Assessing	 ZIKV	 transmission	 dynamics	 and	 mitigation	 strategies.	 A	
multidisciplinary	approach.	
*IDRC	Project	Number-Component	Number:	108409-001	
*Research	 organizations	 involved	 in	 the	 study:	 Toronto	 General	 Hospital	 Research	
Institute,	 University	 Health	 Network,	 Toronto,	 Canada;	 	 Institute	 of	 Health	 Policy,	
Management	 and	 Evaluation,	 University	 of	 Toronto,	 Canada;	 Public	 Health	 Ontario,	
Toronto,	 Canada;	 ICES,	 Toronto,	 Canada;	 School	 of	 Epidemiology	 and	 Public	 Health,	
University	of	Ottawa,	Canada;	Universidad	de	los	Andes,	Colombia;	Universidad	Laica,	Eloy	
Alfaro	 de	 Manabí,	 Ecuador;	 Instituto	 de	 Biología	 Subtropical,	 Universidad	 Nacional	 de	
Misiones,	 CONICET,	 Argentina;	 Instituto	 Nacional	 de	 Investigación	 en	 Salud	 Pública,	 Dr.	
Leopoldo	Izquieta	Pérez,	Ecuador;	York	University,	Canada.	
*Location	of	study:	Argentina,	Colombia	y	Ecuador.		





(GIGA,	 Instituto	 de	 Biología	 Subtropical,	 Universidad	 Nacional	 de	 Misiones	 -	 CONICET,	
Argentina);	 Varsovia	 Cevallos	 (Instituto	 Nacional	 de	 Investigación	 en	 Salud	 Pública,	 Dr.	
Leopoldo	Izquieta	Pérez,	Ecuador);	Jianhong	Wu	(York	University,	Canada);	Benoit	Talbot	
(University	 of	 Ottawa);	 Stephany	 Villota	 (Instituto	 Nacional	 de	 Investigación	 en	 Salud	
Pública,	 Dr.	 Leopoldo	 Izquieta	 Pérez,	 Ecuador);	 Raphael	 Ximenes	 (University	 Health	
Network	 ,	 Canada),	 Rafael	 Miranda	 (University	 of	 Toronto,	 Canada);	 	 María	 Cristina	





This	 project	 was	 performed	 in	 three	 Latin	 American	 countries	 that	 have	 different	
epidemiological	 and	 ecological	 settings	 of	 Zika	 virus	 transmission:	 Colombia,	 Argentina	
and	Ecuador,	with	the	objective	of	characterizing	the	ecological	transmission	dynamics	of	






In	 Colombia, Ae.	 aegypti	 was	 collected	 in	 all	 sampled	 neighborhoods	 and	 a	 greater	
abundance	 of	mosquitoes	was	 collected	 in	 low	 compared	 to	 high	 socioeconomic	 status	
neighborhoods,	more	mosquitoes	were	captured	in	the	intradomicile	space,	and	females	
were	more	abundant	than	males.	 In	total,	 four	Ae.	aegypti	pools	 (0.888%)	were	positive	
for	 dengue	 virus	 serotype	 1	 (DENV-1)	 and	 one	 pool	 was	 positive	 for	 chikungunya	 virus	
(0.222%).	 Infected	 females	were	 only	 collected	 in	 neighborhoods	 of	 low	 socioeconomic	
status,	and	mainly	in	the	intradomicile	space.	Zika	virus	was	not	detected	in	mosquitoes,	
three	years	after	its	introduction	to	the	country. 		
In	 Ecuador,	Ae.	aegypti	mosquitoes	were	 collected	 in	 the	 four	neighborhoods	of	Manta	
city.	 When	 considered	 the	 socioeconomic	 status	 (SES),	 middle	 and	 high	 SES	
neighborhoods	 presented	 the	 highest	 abundance	 of	 adult	 and	 immature	 Ae.	 aegypti	
collected	 mosquitoes.	 Furthermore,	 higher	 abundance	 of	 Ae.	 aegypti	 mosquitoes	 were	
collected	 in	 the	 intradomicile	 space,	 no	 statistical	 differences	were	 found	 between	 the	
number	 of	 males	 and	 females	 collected.	 When	 considering	 the	 collecting	 method,	 the	
aspirator	captured	the	highest	number	of	specimens.	Two	pools	were	positive	for	dengue	
serotype	 2	 (DENV-2)	 and	 for	 chikungunya	 virus	 (CHIKV),	 giving	 a	 percentage	 of	 positive	
pools	of	1.1%	and	a	M.I.R.	of	5.35	for	both	DENV-2	and	CHIKV.	Positive	pools	were	from	
the	 same	 low	 SES	 neighborhood	 (2	 de	 Agosto),	 and	 were	 mainly	 collected	 in	 the	
intradomicile	space.	Zika	virus	was	not	detected.	
In	Argentina,	 adults	Ae.	 aegypti	were	 collected	 every	 fortnight	 throughout	 2019	 in	 four	
neighborhoods	of	Posadas,	alongside	with	a	household	questionary.	Mosquito	abundance,	
in	this	case,	was	lower	in	the	two	low	SES	neighborhoods	compared	with	records	in	high	





arbovirus	 transmission	 risk.	 Higher	 household	wealth,	 better	 knowledge	 of	 arboviruses,	
and	use	of	protective	measures	(e.g.	empyting	of	containers)	were	associated	with	lower	
density	 of	 adult	 female	 Aedes	 mosquitoes,	 while	 a	 higher	 number	 of	 household	
occupants,	 presence	 of	 points	 of	 entry	 for	 mosquitoes	 into	 the	 household,	 and	 the	
presence	of	decorative	or	ornamental	plants	were	associated	with	higher	vector	density.	A	
complex	 relationship	 between	 household	 wealth	 and	 neighborhood	 poverty	 was	









dynamics	 of	 ZIKV	 and	 design	 integrated	 intervention	 approaches.	 The	 project	 was	
formulated	 after	 the	 detection	 of	 ZIKV	 in	 Brazil	 in	 2015,	 and	 its	 rapid	 spread	 between	
2015-2016	to	48	countries	and	territories	in	the	Americas,	with	approximately	1.5	million	
cases.	 In	February	2016,	 the	World	Health	Organization	 (WHO)	declared	a	Public	Health	
Emergency	 of	 International	 Concern,	 considering	 patterns	 of	 rapid	 spread,	 broad	
geographical	 distribution	 of	 ZIKV	 vectors,	 scientific	 consensus	 that	 ZIKV	 is	 a	 cause	 of	





ZIKV	 vector	 species.	 However,	 knowledge	 gaps	 in	 relation	 to	 ecoepidemiology	
transmission	dynamics	of	ZIKV	 remained	and	 the	effectiveness	and	cost-effectiveness	of	
interventions	is	poorly	understood.	In	this	project,	we	studied	ZIKV	ecological	transmission	







Zika	virus	(ZIKV)	and	design	 integrated	 intervention	approaches.	 In	order	to	develop	this	
objective,	the	project	had	two	aims:		1)	Characterize	ZIKV	vector	populations,	viral	genetic	
diversity	 and	 ecological	 transmission	 dynamics	 in	 three	 different	 eco-epidemiological	
settings	 (Argentina,	 Colombia,	 Ecuador),	 and	 predict	 areas	 at	 risk	 for	 ZIKV	 transmission	
across	 the	Latin	American	region	and	2)	 Identify	a	 range	of	 integrated	ZIKV	 intervention	




regarding	 characteristics	 such	as	 access	 to	public	 services,	 household	 construction	 type,	
demography,	mosquito	prevention	and	control	and	disease	knowledge.	
Monthly	collections	of	Ae.	aegypti	over	12	months	in	low	and	high	socioeconomic	status	
neighborhoods	 provided	 information	 for	 the	 characterization	 of	 vector	 populations	 and	
ecological	 transmission	dynamics.	Aedes	mosquitoes	were	processed	 for	 viral	molecular	
detection	 (dengue,	 chikungunya	 and	 Zika).	 Also,	 factors	 that	 may	 increase	 the	 risk	 of	
arboviral	transmission	were	identified 
Data	 from	 mosquito	 collections	 and	 from	 the	 household	 questionnaire	 are	 being	
incorporated	in	a	multicountry	analysis	using	mixed	effects	statistical	regression	models	in	
order	 to	 investigate	 the	 associations	 between	 household	 characteristics	 and	 mosquito	
abundance	and	to	identify	determinants	of	arbovirus	vector	density.	
Aim	 2:	 In	 each	 country,	 entomological,	 socioeconomic	 and	 climate	 data	 provided	
information	of		intervention	strategies.	
A	ZIKV	disease	history	model	was	developed	to	quantify	the	population-level	ZIKV	burden	
of	 disease	 for	 Colombia	 using	 simulation.	 This	 is	 a	 stochastic	 individual-level	
microsimulation	model.	 This	model	 incorporates	 key	 clinical	 outcomes	 related	with	 Zika	
virus	 infection	 (e.g.	 Neurological	 and	 congenital	 syndromes)	 and	 pregnancy	 loss.	
Validation	 of	 the	 model	 is	 being	 performed	 against	 clinical	 outcomes	 from	 Colombian	
surveillance	system.	
v)	Synthesis	of	research	results	and	development	outcomes	
Aim	 1:	 Characterize	 ZIKV	 vector	 populations,	 viral	 genetic	 diversity	 and	 ecological	
transmission	 dynamics	 in	 three	 different	 eco-epidemiological	 settings	 (Argentina,	




Tolima.	Neighborhoods	 in	 Ibagué	were	stratified	by	high/low	socioeconomic	status	 (SES)	
using	 data	 from	 Alcaldía	 Municipal	 de	 Ibagué.	 Four	 neighborhoods	 were	 randomly	
selected,	with	 two	 in	each	SES	 stratum,	 for	mosquito	 collection.	 Every	month,	 two	high	
and	two	low	SES	neighborhoods	were	sampled	and	in	each	neighborhood	eight	different	
houses	 were	 inspected,	 to	 achieve	 a	 total	 annual	 number	 of	 96	 households	 per	
neighborhood.	 In	 high	 SES	 neighborhoods	 as	 it	 was	 not	 possible	 to	 obtain	 the	 desired	








Mosquito	 abundance:	 In	 total,	 1,463	 Ae.	 aegypti	 adult	 mosquitoes	 were	 collected,	 in	
addition	 to	 7	Ae.	 albopictus	 individuals,	 representing	 the	 first	 report	 for	 this	 species	 in	
Ibagué.	Due	to	the	low	number	of	collections	for	Ae.	albopictus,	data	analyses	correspond	



















box plot shows the median and interquartile range, mean (x), and maximum (upper 



































plant	pot	base	plates	 (26.13%)	and	buckets	 (9.09%).	The	rest	of	 the	breeding	sites	were	
found	 in	 a	 diverse	 type	 of	 containers	 such	 as	 decorative	 fountains,	 bottles,	 and	 animal	
feeders,	among	others.		
Most	 containers	 associated	with	breeding	 sites	were	 filled	by	house	owners	 in	order	 to	
store	water	(open	water	tanks	and	buckets)	or	to	keep	ornamental	plants	(aquatic	plant	
pots,	flower	vases	or	plant	pot	base	plates).	This	means	that	people	help	to	create	these	
larval	 habitats,	 and	 thus	 the	 household	 residents	 could	 also	 contribute	 to	 their	 control.	
This	 highlights	 the	 importance	 of	 the	 role	 of	 the	 community	 on	 breeding	 site	 control,	
keeping	in	mind	that	this	requires	extensive	health	education	and	outreach.	







Mosquitoes	 were	 collected	 in	 all	 sampled	 neighborhoods.	 However,	 more	 Ae.	 aegypti	
mosquitoes	 (males	 and	 females)	were	 collected	 in	 low	 than	 in	 high	 SES	 neighborhoods	
(Mann-Whitney	test,	U	=	12,318,	p	<	0.001,	d.f.	=	1)	 (Figure	3).	Analysis	performed	only	
with	 females	 (Mann-Whitney	 test,	 U	 =	 13,087,	 p	 <	 0.001,	 d.f.	 =	 1)	 and	 with	 blood-fed	
females	(Mann-Whitney	test,	U	=	12,140,	p	<	0.001,	d.f.	=	1)	also	show	a	higher	abundance	
in	 low	SES	neighborhoods.	We	did	not	find	significant	differences	between	 low	and	high	














Figure	 3.	 	 Aedes	 aegypti	 collected	 per	 house	 in	 low	 and	 high	 socioeconomic	 status	
























 Males and females 
Mosquito	abundance	variation	over	time:		
The	 analysis	 of	 mosquito	 abundance	 over	 time	 was	 restricted	 to	 the	 two	 low-
socioeconomic	 status	 neighborhoods:	 Versalles	 and	 in	 Ciudadela	 Comfenalco,	 where	
sampling	 was	 performed	 every	 month	 during	 the	 study	 period.	 	 Monthly	 Ae.	 aegypti	
abundance	in	Versalles	showed	a	slight	bi-modal	pattern	with	peaks	in	November-January	
and	April-June,	while	in	Ciudadela	Comfenalco	there	was	no	observable	pattern	(Figure	4).	
There	 were	 no	 significant	 differences	 in	 monthly	 mosquito	 abundance	 in	 either	
neighborhood	(Versalles:	H	=	15.79,	p	=	0.139,	d.f.=	11;	Ciudadela	Comfenalco:	H	=	9.63,	p	
=	0.53,	d.f.	=	11).	In	addition,	no	differences	were	found	in	the	number	of	houses	positive	
for	 presence	 of	 breeding	 sites	 per	 month	 (Versalles:	 H	 =	 6.24,	 p	 =	 0.333,	 	 d.f.	 =	 11	
(Ciudadela	Comfenalco:	H	=	8.22,	p	=	0.55,	d.f.	=	11).		
Mosquito	 abundance	 was	 not	 significantly	 correlated	 with	 temperature	 (Versalles,	 ⍴	 =	
0.020,	p	=	0.79;	Ciudadela	Comfenalco,	⍴	=	0.07,	p	=	0.85),	humidity	(Versalles,	⍴	=	4.80E-
5,	p	=	0.99;	Ciudadela	Comfenalco,	⍴	=	5.2E-6,	p	=	0.88)	and	precipitation	(Versalles,	⍴	=	
0.015,	 p	 =	 0.41;	 Ciudadela	 Comfenalco,	 ⍴	 =	 0.082,	 p	 =	 0.091).	 Similarly,	 these	 three	
variables	did	not	show	significant	associations	with	breeding	site	presence	(Temperature,	
Versalles,	p	=	0.74,	R2		=	0.001,	d.f.	=	1;	Ciudadela	Comfenalco,	p	=	0.6,	R2		=	0.002,	d.f	=	1;	
humidity,	 Versalles,	 p	 =	 0.95,	 R2	 =	 0.0009,	 d.f	 =	 1;	 Ciudadela	Comfenalco,	 p	 =	 0.8,	 R2	 	 =	














































Monthly mosquito collections and precipitation in Versalles A 
	
	
Figure	 4.	 Aedes	 aegypti	 collected	 during	 one-year	 of	 monthly	 collections	 and	 monthly	










collected	 indoors	 (Table	1).	 The	percentage	of	positive	pools	was	0.888%	 for	DENV	and	
0.222%	 for	 CHIKV.	 The	 Minimum	 Infection	 Rate	 (M.I.R.)	 was	 calculated	 as	 number	of	
positive	 pools/number	of	 processed	 individuals	 x	 1,000	 and	 the	 following	 values	 were	
obtained;	 DENV:	 5.006	 (4	 positive	 pools/799	 total	 processed	 individual	 mosquitoes	 ×	
































































2	 -	 -	 +	 N/A	 Intradomicile	
Versalles	 Feb.	
2019	
13	 -	 +	(DENV-1)	 -	 2	 Intradomicile	
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2019	
































using	 data	 provided	 by	 the	 National	 Institute	 of	 Statistics	 and	 Censuses.	 Four	
neighborhoods	 were	 selected	 based	 on	 temperature,	 precipitation	 and	 number	 of	
reported	cases	of	dengue	and	Zika.	Two	neighborhoods	were	from	low	SES	(2	de	Agosto	
and	 Urbirríos),	 one	 from	 middle	 SES	 (Santa	 Martha),	 and	 one	 from	 high	 SES	 (Umiña)	
(Figure	5).	 Every	month,	 all	 four	neighborhoods	were	 inspected.	 The	 aim	of	 the	project	
was	 to	 sample	 eight	 houses	 per	 neighborhood	 per	 month,	 nonetheless	 this	 was	 not	
possible	 for	 Umiña	 (high	 SES)	 where	 data	 was	 collected	 from	 five	 houses	 on	 average	




Figure	 5.	 Location	map	of	Manta	City	 (Ecuador)	 and	 the	 four	 neighborhoods	where	 the	
collection	was	carried	out	between	February	2019	until	February	2020	
Mosquito	abundance:	 In	 total,	 796	Ae.	aegypti	 adult	mosquitoes	were	 collected,	no	Ae.	
albopictus	individuals	were	found	in	Manta.	The	average	Ae.	aegypti	abundance	(mean	±	
standard	deviation;	SD)	was	3.72	±	4.21	mosquitoes/household.	Equal	number	of	females	
(2.71	 ±	 2.75)	 and	 males	 (2.58	 ±	 2.49)	 were	 collected	 (p=	 0.687).	 In	 total,	 271	 houses	









however,	 this	difference	 lacked	 statistical	 significance	 (p=	0.0596).	When	comparing	 the	








peridomicile.	 The	 box	 plot	 shows	 the	 median	 and	 interquartile	 range,	 mean	 (x),	 and	
maximum	(upper	bar)	values	for	each	category.	*p	<	0.05.	
	
We	 sampled	 310	 houses	 for	 presence	 of	 artificial	 breeding	 containers	 for	 Ae.	 aegypti	
mosquitoes.	A	total	of	59	houses	were	positive	for	Ae.	aegypti	larvae,	where	127	positive	
containers	 were	 found.	 Breteau	 index	 (total	 positive	 containers	 /	 number	 of	 houses	
inspected;	 BI	 =	 40.97%)	 showed	 that	 the	 amount	 of	 immatures	 found	 in	 the	 sampled	
houses	 represents	 a	 medium	 risk	 of	 arbovirus	 infection.	 The	 most	 common	 breeding	
containers	 were	 plastic	 tanks	 (63.77%),	 followed	 by	metal	 tanks	 (15.94%),	 and	 cement	




plants.	 Even	 when	 people	 know	 that	 keeping	 open	 water	 containers	 increases	 the	
reproduction	 of	 mosquitoes	 (data	 obtained	 by	 analyzing	 the	 socioeconomic	 survey),	 it	
seems	like	better	educational	campaigns	are	needed	to	encourage	residents	to	reduce	the	
risk	of	contamination	by	eliminating	artificial	breeding	sites.	
Low	 and	high	 socioeconomic	 status	 neighborhoods:	More	 Ae.	 aegypti	mosquitoes	were	
collected	in	high	SES	(t	=	3.4395,	df	=	151,	SE	of	difference	=	0.674,	p	=	0.0008)	and	middle	
SES	(t	=	2.6984,	df=	175,	SE	of	difference	=	0.583,	p	=	0.0076)	neighborhoods	compared	to	
























Figure	 8.	 Aedes	 aegypti	 collected	 between	 February	 2019	 and	 February	 2020	 in	 four	




Virus	 detection	 assays:	 A	 total	 of	 374	 females	 Ae.	 aegypti	 were	 used	 for	 molecular	
detection	of	Zika,	dengue,	and	chikungunya	viruses.	These	samples	were	grouped	in	181	
pools.	 From	which,	 two	 pools	 tested	 positive	 for	 dengue	 serotype	 2	 (DENV-2)	 and	 two	
pools	 tested	 positive	 for	 the	 CHIKV.	 Zika	 virus	 was	 not	 detected	 (Table	 2).	 All	 positive	
samples	were	collected	in	2	de	Agosto,	a	low	SES	neighborhood,	and	most	of	the	collected	
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Friday)	 each	 month	 from	 January	 to	 December	 2019	 by	 setting	 mosquito	 traps	 and	
completing	 the	 household	 survey	 in	 8	 houses	 /month/neighborhood.	 	 The	 selected	 384	
houses	are	evenly	distributed	across	two	“Low	SES”	neighborhoods,	San	Lorenzo	(SL)	and	
Nueva	Esperanza	 (NE),	and	two	“High	SES”	neighborhoods,	Villa	Sarita	 (VS)	and	Palomar	









-Mosquito	 abundance:	 	 In	 total,	 1,020	 Ae.	 aegypti	 adult	 mosquitoes	 were	 collected	
throughout	 2019.	 The	 average	 Ae.	 aegypti	 abundance	 was	 2.66	 ±	 4.84	
mosquitoes/household,	 collecting	 more	 females	 (695)	 than	 males	 (325).	 We	 found	
breeding	sites	positive	for	Ae.	aegypti	in	63	houses.		
	
Less	 adult	 Ae.	 aegypti	 were	 captured	 in	 Low	 SES	 compared	 with	 the	 number	 of	
mosquitoes	collected	in	High	SES	(Figure	10).	High	SES	had	higher	Ae.	aegypti	counts.	
																								








two	collecting	methods,	 the	aspirator	showed	a	clear	bias	 towards	 fed	 females	whereas	
the	BG-Sentinel	trap	was	more	efficient	in	capturing	unfed	females	(Figure	11b).	
	
	 				 											 	
Figure	11:	Performance	of	mosquito	collecting	methods.	A.	Aedes	aegypti	captured	using	
Prokopack	 Aspirator	 (ASP),	 BG-Sentinel	 trap	 (BG),	 Resting	 trap	 (RT)	 and	 CDC	 (light)	
mosquito	traps.			




with	 raising	 peaks	 in	 summer	 and	 autumn	 as	 expected.	We	 understand	 this	 is	 the	 first	
longitudinal	adult	Aedes	survey.	The	relevance	of	these	data	resides	in	the	records	of	late	
autumn	 and	 winter	 decay	 in	 the	 number	 of	 mosquitos,	 demonstrating	 the	 actual	















microtubes	 for	 confirmation	assays	and	 feeding	preference	 study.	The	presence	of	Zika,	
dengue	and	chikungunya	viral	RNA	in	pools	was	evaluated	by	qPCR	using	the	BioRad	ZDC	
multiplex	RT-qPCR	kit.	We	find	no	evidence	of	Zika,	dengue	or	chikungunya	in	any	of	the	
37	 pools.	 Given	 that	 all	 positive	 ZDC	 controls	 and	 the	 internal	 kit	 control	 for	 RNA	
extraction	 worked	 as	 expected,	 we	 considered	 testing	 for	 different	 potential	 scenarios	
leading	 to	 negative	 qPCR	 results.	 To	 evaluate	 the	 capacity	 of	 ZDC	 kit	 in	 identifying	 a	
natural	source	of	viral	RNA,	we	spiked	in	2ul	of	DENV1	and	DENV4	virus	derived	from	cell	
culture	 extractions	 resulting	 in	normal	 qPCR	amplification.	Also,	 to	 test	 the	presence	of	
potential	inhibitors	in	the	insect	RNA	extraction	process,	we	assayed	adult	Ae.	aegypti	fed	
females	 pools	 collected	 in	 the	 premises	 of	 dengue	 seropositive	 patients	 (project	 and	
consent	forms	approved	by	the	Local	Ethical	Committee),	and	identified	mosquito	samples	
positive	for	DENV	and	negative	for	ZIKV	and	CHIKV.	We	conclude	that	the	ZDC	RT-qPCR	kit	
is	 properly	 working,	 at	 least	 with	 dengue	 as	 access	 to	 a	 source	 of	 Zika	 virus	 genetic	
material	was	not	feasible	due	to	the	pandemic	restrictions,	and	therefore	confirming	the	









carried	 out	 in	 Argentina	 yet.	We	will	 do	 perform	 this	 study	 after	 finishing	with	 the	 re-





















The	multicountry	regression	analysis	 identified	several	 factors	 that	were	associated	with	
an	 increased	density	of	 adult	 female	Aedes	mosquitoes,	which	 represent	 important	 risk	
factors	for	arboviral	disease	transmission	that	can	be	considered	in	the	design	of	disease	
prevention	and	control	strategies.	Vector	density	was	found	to	be	lowest	in	households	in	
the	 least	 poor	 wealth	 tertile	 relative	 to	 households	 in	 the	 poorer	 tertiles,	 however	 an	
interaction	between	household	wealth	and	neighborhood	poverty	was	observed,	with	the	
poorest	 households	 situated	within	wealthy	 neighborhood	 bearing	 a	 disproportionately	
high	density	of	Aedes	mosquitoes	 relative	 to	 their	wealthier	neighbors.	This	 relationship	
may	be	confounded	by	other	factors,	such	as	the	targeting	of	vector	control	measures	to	
poorer	 neighborhoods;	 however,	 this	 highlights	 the	 complex	 relationship	 between	
socioeconomic	 status	 and	arbovirus	 risk,	 and	will	 be	explored	 further	 in	 the	manusciprt	
that	 is	 in	preparation.	Household	 level	 factors	 that	were	associated	with	vector	density,	
after	accounting	for	differences	between	neighborhoods	and	countries	and	the	month	of	
mosquito	 sampling,	 include	 the	number	of	household	occupants	 (RR	=	1.08,	p	=	0.012),	
knowledge	of	arboviruses	 (RR	=	0.94,	p	=	0.042),	emptying	of	containers	 (RR	=	0.79,	p	=	
0.003),	 and	 presence	 of	 ornamental	 plants	 (RR	 =	 0.86,	 p	 =	 0.034).	 The	 importance	 of	
household-level	risk	factors,	including	the	presence	of	potted	plants	and	other	containers	
as	 breeding	 sites	 for	 Aedes	 mosquitoes,	 differed	 between	 countries,	 indicating	 that	
knowledge	 of	 local	 population	 characteristics	 and	 practices	 is	 needed	 in	 developing	
appropriate	disease	control	strategies.	
	
Aim	 2:	 Identify	 a	 range	 of	 integrated	 ZIKV	 intervention	 strategies	 and	 assess	 their	




were	 identifed,	such	as	an	association	of	Aedes	mosquitoes	with	the	 intradomicile,	 their	
preference	 for	 human	 blood,	 and	 a	 relatively	 constant	 abundance	 of	 mosquitoes	
throughout	 the	year.	Even	 though,	Zika	virus	was	not	detected	 in	collected	mosquitoes,	
the	 presence	 of	 Ae.	 aegypti	 and	 Ae.	 albopictus	 make	 the	 population	 to	 be	 at	 risk	 of	





Several	 factors	 could	 be	 increasing	 the	 risk	 of	 arboviral	 transmission	 in	 Manta.	 For	
instance,	householders	keeping	water	containers	outside	their	homes	will	provide	artificial	
breeding	 sites	 for	Ae.	 aegypti	 mosquitoes.	 Furthermore,	 most	 of	 the	mosquitoes	 were	
collected	 inside	 the	 houses	 and	 females	 Ae.	 aegypti	 mosquitoes	 preferred	 to	 feed	 on	
human	blood.	Considering	all	these	factors,	a	strategy	to	mitigate	the	vector’s	propagation	
depends	 on	 community	 participation.	 A	 collaborative	 effort	 between	 the	 community,	




Proactive	 diagnostics	 and	 vector	 control	 activities	 are	 the	 most	 effective	 strategies	 in	
diminishing	 Zika	 and	 other	 arboviral	 transmission	 rates.	 It	 is	 also	 evident,	 from	 the	
household	 questionnaire	 survey,	 that	 the	 number	 of	 mosquitos	 is	 linked	 to	 cultural	
decisions/behavior.	 Therefore,	 the	 evaluation	 of	 these	 integrated	 interventions	 shall	 be	
assessed.	For	instance,	how	the	winter	bottleneck	in	the	Aedes	population,	and	in	the	fed	
females	 counts,	 will	 affect	 the	 “seeding”	 for	 the	 next	 season	 and	 the	 slope	 of	 the	
forthcoming	 vector	 population	 growth	 and	 its	 associated	 arboviral	 transmission.	 The	
effect	 is	 known,	 but	 having	 an	 actual	 measurement	 of	 the	 correlation	 could	 turn	 the	
mosquito	counts	in	July-August	into	a	useful	prediction	tool.		
The	 lowest	 mosquito	 abundance	 recorded	 in	 both	 Argentinian	 low	 SES	 neighborhoods	
may	well	be	a	consequence	of	more	intensive	and	dedicated	City	Council	interventions	in	








developed	 a	 SIR	 (Susceptible,	 Infected,	 Removed)	 transmission	 model	 to	 calculate	 the	
force	of	infection	and	consequently	obtain	the	individual	risk	of	Zika	infection	per	week	in	
Colombia.	
We	 are	 currently	 finishing	 the	 6-parameter	 calibration	 process	 using	 as	 target	 the	
population	growth,	the	total	number	of	symptomatic	infections,	the	number	of	GBS	cases	
and	 other	 neurologic	 complications,	 and	 the	 number	 of	 congenital	 zika	 syndrome	 for	
Colombia.	





addition,	 BG	 sentinel	 traps	 (Biogents®)	 using	BG-lure	 and	CDC	 (John	Hock®)	 and	 resting	
traps	 (BioQuip®)	 were	 set	 up	 for	 24	 hours.	 Differences	 in	mosquito	 trapping	 efficiency	
among	 the	 trap	 models	 evaluated	 were	 consistent	 in	 all	 three	 countries.	 These	 data	
represented	a	major	learning	and	helped	us	to	select	the	right	model	focusing	in	project	
aims	and	performance	of	collecting	methdos.			
In	 each	 house,	 a	 household	 questionnaire	 (Annex	 2)	was	 applied	 and	 temperature	 and	
humidity	 were	 registered.	 In	 the	 field,	 using	 a	 dissecting	 microscope,	 the	 species	 Ae.	
aegypti	 and	Ae.	 albopictus	 were	 identified.	 	 Female	mosquitoes	were	 kept	 in	 RNAlater	
until	reaching		the	lab	and	then	placed	at	-80°C	in	a	Revco	freezer.	
As	 the	 mosquitoes	 Ae.	 aegypti	 and	 Ae.	 albopictus	 are	 also	 dengue	 and	 chikungunya	
vectors,	we	also	performed	molecular	detection	of	these	two	viruses.	RNA	extraction	was	
performed	 in	 females	 with	 a	 commercial	 kit	 following	 manufacturer's	 instructions.	 For	
detection	 of	 Zika,	 dengue	 and	 chikungunya	 viral	 RNA,	 ZDC	Multiplex	 Real	 Time	 RT-PCR	
Assay	 (Bio-Rad)	 was	 used.	 Samples	 that	 were	 positive	 for	 dengue	 virus	 (DENV),	 were	
analyzed	for	serotype	determination.  
	
For	 the	 multicountry	 analysis,	 mixed	 effects	 Poisson	 regression	 analysis	 models	 were	
applied	to	detect	associations	between	household	characteristics	and	adult	female	Aedes	
mosquito	 abundance,	 controlling	 for	 clustering	 by	 neighborhood	 and	 country	 and	 the	
month	of	sampling,	in	order	to	identify	determinants	of	arbovirus	vector	density	across	all	
three	 study	 sites.	 A	 wealth	 score	 was	 computed	 for	 each	 household	 using	 a	 Principal	
Components	 Analysis	 (PCA)	 based	 on	 ownership	 of	 household	 assets,	 following	 the	 the	
Demographic	 and	 Health	 Survey	 (DHS)	 approach.	 Households	 were	 categorized	 into	




Colombian	 results	 were	 presented	 in	 a	 Colombian	 national	 congress	 held	 by	 the	
Asociación	Colombiana	de	Parasitología	y	Medicina	Tropical	(ACPMT)	in	December	2019.	
Results	 were	 also	 shared	 at	 the	 American	 Society	 of	 Tropical	 Medicine	 and	 Hygiene	
(ASTMH)	in	November	2020:	
-Carrasquilla,	M.C.,	Ortiz,	M.I.	León,	C.M.,	Rondón,	S.Y.,	Sander,	B.,	Talbot,	B.,	Kulkarni,	M.,	
Vásquez,	 H.,	 González,	 C.	 Distribución	 vectorial	 e	 infección	 por	 los	 virus	 dengue,	 Zika	 y	
chikungunya	en	 Ibagué,	Tolima.	ACPMT,	Cali,	Colombia,	Dec,	2019.	The	abstract	 is	open	
access	 and	 it	 is	 found	 at	
https://revistabiomedica.org/index.php/biomedica/issue/view/171	
-Carrasquilla,	M.C.,	Ortiz,	M.I.	León,	C.M.,	Rondón,	S.Y.,	Sander,	B.,	Talbot,	B.,	Kulkarni,	M.,	
Vásquez,	 H.,	 González,	 C.	 Entomological	 characterization	 of	 Aedes	 mosquitoes	 and	
arbovirus	detection	in	Ibagué,	Colombia.	Virtual	meeting	ASTMH.	Nov,	2020.	
The	following	manuscript	is	in	preparation	and	will	be	submitted	to	an	open	access,	peer-
















-Talbot,	 B.,	 Sander	 B.,	 González,	 C.,	 Cevallos	 V.,	 Miretti,	 M.,	 Espinel,	 M.,	 Wu,	 J.,	
Carrasquilla,	M.C.,	Ortiz,	M.	 I.,	Benítez,	D.,	Ponce,	P.,	 	Gauto,	N.,	López,	K.,	Carissimo	C.,	
Zelaya,	 F.,	 	 Litwiñiuk,	 S,	 Kulkarni,	 M.A.	 Determinants	 of	 Arbovirus	 Vector	 Density	 as	 a	
Measure	of	Transmission	Risk	in	Regions	of	Recent	Zika	Virus	introduction	in	the	Americas.	
ASTMH	virtual	meeting.	Nov,	2020.	
An	 article	 is	 in	 preparation	 by	 Talbot	 et	 al.	 based	 on	 the	 results	 of	 the	 multicountry	
analysis.	The	manuscript	will	be	submitted	to	Parasites	&	Vectors,	an	open	access,	peer-
reviewed	 online	 journal	 dealing	 with	 the	 biology	 of	 parasites,	 parasitic	 diseases,	
intermediate	hosts,	vectors	and	vector-borne	pathogens.		
Also,	the	group	published	the	following	manuscript	in	an	open	access	journal:		
-Jones	 R,	 Kulkarni	 MA,	 Davidson	 TMV,	 RADAM-LAC	 Research	 Team,	 Talbot	 B.	 2020.	
Arbovirus	 vectors	 of	 epidemiological	 concern	 in	 the	 Americas:	 A	 scoping	 review	 of	
entomological	 studies	 on	 Zika,	 dengue	 and	 chikungunya	 virus	 vectors.	 PLoS	 ONE	 15(2):	
e0220753.		https://doi.	org/10.1371/journal.pone.0220753	
In	relation	to	the	Zika	natural	history	model,	when	the	model	is	finished,	it	 is	planned	to	
publish	 a	manuscript	 about	 the	 ZIKV	 disease	 history	model	 to	 quantify	 the	 population-
level	ZIKV	burden	of	disease	for	Colombia	using	simulation.	A	second	manuscript	will	be	
about	the	analysis	of	potential	interventions	on	the	disease	and	the	cost-effectiveness	for	
these	 different	 interventions.	 The	 following	 manuscripts	 have	 been	 published	 in	 open-
access	journals:		
-Ximenes,	R.,	Ramsay,	L.	C.,	Miranda,	R.	N.,	Morris,	S.	K.,	Murphy,	K.,	&	Sander,	B.	2019.	
Health	outcomes	associated	with	 Zika	 virus	 infection	 in	humans:	 a	 systematic	 review	of	
systematic	reviews.	BMJ	open,	9(11).	https://doi:10.1136/	bmjopen-2019-032275.	
-Miranda,	R.	N.,	Ximenes,	R.,	Gebretekle,	G.	B.,	Bielecki,	J.	M.,	Sander,	B.,	Rosas,	C.	G.,	...	&	
Cevallos,	 V.	 E.	 2020.	 Health-Related	 Quality	 of	 Life	 in	 Neurological	 Disorders	 Most	








of	 a	 Disease	 History	 Model	 for	 Zika	 Virus	 (ZIKV)	 Infection:	 A	 Microsimulation	 Model.	
In	40th	 Annual	Meeting	 of	 the	 Society	 for	Medical	 Decision	Making.	 SMDM.	Oct,	 2018.	
(Top-Rated	Abstracts).		
https://smdm.confex.com/smdm/2018/meetingapp.cgi/Paper/12051	
-Ximenes,	 R.,	 Morris,	 S.,	 Murphy,	 K.,	 Ramsay,	 L.,	 Naimark,	 D.M.J.	 David	 MJ.	 Naimark,	
Wong,	 W.L.,	 Sander	 B.	 Development	 and	calibration	of	 a	dynamic	microsimulation	of	












LAC	 Research	 Team.	 Impact	 of	 Zika	 virus-associated	 neurological	 disorders	 on	 health-
related	 quality	 of	 life:	 a	 systematic	 review.	 Poster	 presentation	 at	 the	 Toronto	 General	
Hospital	Research	Institute	Research	Day,	Toronto,	Canada.	Oct,	2019.		
-Halani,	S.,	Tombindo,	P.,	O'Reilly,	R.,	Bielecki,	J.	M.,	Boyle,	J.,	Erdman,	L.,	...	&	Sander,	B.	
Clinical	 Manifestations	 and	 Health	 Outcomes	 Associated	 with	 Zika	 Virus	 Infections	 in	
Adults:	A	Systematic	Review.	 In	41st	Annual	Meeting	of	 the	Society	 for	Medical	Decision	
Making	SMDM.	Oct,	2019.		
https://www.ammi.ca/Annual-Conference/2019/Abstracts/JAMMI%202019.pdf	
-Miranda,	R.N.,	Ximenes,	R.,	Gebretekle,	G.B.,	Bielecki,	 J.M.,	 Sander,	B.	on	behalf	of	 the	
RADAM-LAC	 Research	 Team.	 Impact	 of	 Zika	 virus-associated	 neurological	 disorders	 on	


















Pública	 y	 Enfermedades	 Transmisibles,	 FCEQyN,	 UNaM,	 Ministerio	 de	 Salud	 Pública	
Provincia	de	Misiones,	Municipalidad	de	Posadas.	2018.	
-Gauto,	N.,	Litwiñiuk,	S.	López,	K.,	Fay,	J.,	Mortada,	A.,	Caríssimo	C.,	Larrondo	M.,	Tressens	





Posadas.	 	Workshop.	1	 º	Workshop	 regional	 -	Gestión	 sostenible	de	 residuos/recursos	y	
economía	 circular.	 	 Universidad	 Nacional	 de	 Misiones.	 Facultad	 de	 Humanidades	 y	
Ciencias	Sociales.	2019.	
-Miretti,	M.	Monitoreo	de	 la	 circulación	de	arbovirus	en	mosquitos	adultos	de	Posadas.		
Presentation	 at	 “Virus	 Zoonóticos:	 monitoreo	 e	 implicancias	 en	 la	 salud	 humana	 y	 la	













a–	 Social	 and	 Technological	 Development	 Project	 (PDTS	 CONICET	 and	 Postdoctoral	




c–	 Developing	 and	 validation	 of	 a	 novel	 cheap,	 portable	 an	 scalable	 CRISPR	 based	












fellowship	 (Proyecto	 Desarrollo	 Tecnológico	 Social)	 from	 CONICET	 started	 in	 June	 2020	
under	 development.	 A	 Postdoc,	 Dr.	 Buemo,	 has	 attended	 the	 Genomics	 and	 Clinical	
Virology	course	at	the	Wellcome	Trust	Genome	Campus,	Cambridge,	UK.	
viii)	Problems	and	Challenges		




software	 EpiInfo:	 Difficulty	 creating	 the	 questionnaire	 template	 (e.g.	 Not	 possible	 to	
create	a	template	that	showed	questions	that	were	not	answered),	and	downloading	the	
data	from	the	tablet	to	the	computer.			




































































































































































































































































































3. 	 	 	 	
4. 	 	 	 	



















































2. 	Marcos	Miretti	 Male	 	 b)	and	c)	








































2. 	Mario	Iván	Ortiz,	Colombian	 Male	 	 Post-doc	
3. 	Jessica	Vanina	Fay,	Argentinian	 Female	 	 Post-doc	
4. 	Dennise	Benítez,	Ecuadorian	 Female	 	 Post-doc	
5. 	Stephany	Villota,	Ecuadorian	 Female	 	 Post-doc	













































































































9. 	 	 	
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HC1 Años viviendo en esta residencia años
HC2 Su casa cuenta con:
(Escriba 0/1 para cada item)
OB4 Distancia en metros de la casa más cercana
a) Radio  
b) Televisión 
c) Refrigerador 
d) Aire acondicionado 
e) Computador 
f) Generador, batería, panel solar
g)  Bicicleta 
h) Motocicleta  


















OB10 Tipo de contenedores      a) Tanques de agua sin protección 
b) Contenedores grandes usados 








WS1 Principal fuente de agua potable 
para tomar     
a)  Agua entubada
b) Agua de pozo





















Presencia de contenedores que 




a) Natural: tierra, arena, arcilla
b) Rudimentario: madera, palma, bambú
c) Terminado: Parqué o madera lacada, 
vinil, asfalto, cerámica, cemento, baldosa. 





bambú, paja, hierba, heno, hojas 
b) Permanente
Madera, concreto, ladrillo, piedra, hierro/ aluminio 
galvanizado, fibrocemento, otras hojas de metal 
Tipo de material del techo de la casa a) 
b) 
OB6
Pisos¿Cuántos pisos y núcleos familiares tiene 
el hogar? Núcleos familiares
Metros 
OB3
Esta prohibida la reproducción total o parcial de este documento. La información contenida es de propiedad del Instituto Nacional de Investigación en Salud Pública Dr. Leopoldo Izquieta Pérez
a) Temporal 
bambú, paja, hierba, caña, tierra, materiales       
rescatados, heno, hojas
b) Permanente
Madera, concreto, ladrillo, piedra, hierro/ aluminio 
galvanizado, fibrocemento, otras hojas de metal 
































































































WS2 Principal fuente de agua usada 
para otros propósitos (limpieza, 
lavado y cocina)   
a)  Agua entubada
b) Agua de pozo





































































































































CARACTERÍSTICAS DEL HOG RCARACTERÍSTICAS OBSERVADAS EN EL HOGAR
Assessing ZIKV transmission 



































































c) Familiar  

























WS4 ¿Con qué frecuencia tiene el 
servicio de agua en la casa?      
a) Más de una vez al día 
b) Diario








MP2 ¿Con qué frecuencia?
MP3 ¿Cuándo fue la última vez? (DD/MM/AAAA)
a) No (ir a WS5) 
b) Si 





a) No (fin de la sección)
b) Si 





¿Cepilla los contenedores después 




WS6 ¿Para qué propósito almacena 
agua? (seleccione todos los que 











WD2 ¿Cómo elimina la 
basura en su 
hogar?  
a) recolección municipal  o privada
b) desecho en una ubicación dentro de la propiedad
c) desecho en una ubicación fuera de la propiedad 
d) desecho irregular 






¿Cómo se eliminan las aguas 









MP6 ¿Cuál de las siguientes 
medidas utiliza para 
prevención de picadura 
de mosquito?  
a) Repelente
b) Repelente en espiral
c) Aerosol 
d) Toldo
e) Tratamiento de cortinas con insecticida
f) Malla para ventanas 
g) Cobertura para contenedores de agua
h) Lavado y limpieza de contenedores
    Frecuencia DD/MM/AAA
i) Vaciado de contenedores de agua
    Frecuencia DD/MM/AAA
j) Manejo de desechos en la casa
k) Mata moscas
l) Ropa protectora
































































































































a) No (ir a MP5) 
b) Si 






¿Cuándo fue la última visita del Ministerio/Secretaría 




¿Cuál fue el producto utilizado?MP4
Frecuencia de recolección de 
basura    
a) Diario










_ _ /_ _ /_ _ _ _
_ _ /_ _ /_ _ _ _
_ _ /_ _ /_ _ _ _














_ _ /_ _ /_ _ _ _














_ _ /_ _ /_ _ _ _














_ _ /_ _ /_ _ _ _














_ _ /_ _ /_ _ _ _














_ _ /_ _ /_ _ _ _














_ _ /_ _ /_ _ _ _














_ _ /_ _ /_ _ _ _
_ _ /_ _ /_ _ _ _

















_ _ /_ _ /_ _ _ _
_ _ /_ _ /_ _ _ _

















_ _ /_ _ /_ _ _ _
_ _ /_ _ /_ _ _ _

















_ _ /_ _ /_ _ _ _
_ _ /_ _ /_ _ _ _

















_ _ /_ _ /_ _ _ _
_ _ /_ _ /_ _ _ _

















_ _ /_ _ /_ _ _ _
_ _ /_ _ /_ _ _ _

















_ _ /_ _ /_ _ _ _
_ _ /_ _ /_ _ _ _

















_ _ /_ _ /_ _ _ _
_ _ /_ _ /_ _ _ _
_ _ /_ _ /_ _ _ _
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I   I  Y MEDIDAS DE CONTROL
Número de casa Número de muestras colectadas
Assessing ZIKV transmission 
dynamics and mitigation strategies. 
A multidisciplinary approach.
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RK3 ¿Cuántas personas en el hogar han tenido dengue en el último año?
RK4 ¿Cuántas personas en el hogar han solicitado atención médica por 
infección con dengue en el último año?
_ _ /_ _ _ _
Trabajan
Estudian
¿En dónde está ubicado el baño?    a) Dentro del hogar














a) No  
b) Si 
Existen puntos de ingreso de mosquitos 




a) No  
b) Si 





a) No  
b) Si 





a) Adultos  
b) Niños 





a) No  
b) Si 





a) No (ir a MP15)  
b) Si 

















¿Existen fuentes de agua cercanas 
al hogar? Especifique la distancia 
en metros    















































































































































































































¿Cuántas personas saben leer o escribir?HD3

















RESPUESTAS DE CONOCIMIENTO (DENGUE)
a) No (ir a RK6)  
b) Si 
¿Ha escuchado del dengue? a) 
b) 
RK1
a) No (ir a RK4)
b) Si
¿Cuándo? (mm/aaaa)
¿Algún mienbro de la familia ha tenido 
alguna vez dengue? 
a) 
b) 
_ _ /_ _ _ _
a) 
b) 
_ _ /_ _ _ _
a) 
b) 
_ _ /_ _ _ _
a) 
b) 
_ _ /_ _ _ _
a) 
b) 
_ _ /_ _ _ _
a) 
b) 
_ _ /_ _ _ _
a) 
b) 




RK7 ¿Cuántas personas en el hogar han tenido chikungunya en el último 
año?
_ _ /_ _ _ _
RESPUESTAS DE CONOCIMIENTO (CHIKUNGUNYA)
a) No (ir a RK11)
b) Si 
¿Ha escuchado de chikungunya? a) 
b) 
RK5
a) No (ir a RK9)
b) Si
¿Cuándo? (mm/aaaa) 






















































¿Cuántas personas trabajan/ 
estudian en el hogar?
HD2
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¿Cuáles son los principales 
problemas en su barrio que 
contribuyen a la transmisión de 
dengue / chikungunya / Zika? 
(Seleccione todos los que aplican)
a) Presencia de contenedores que 
almacenan agua
b) Alta densidad de población 
humana







RK08 ¿Cuántas personas en el hogar han solicitado atención médica por 
infección con chikungunya  en el último año?
RK11 ¿Cuántas personas en el hogar han tenido zika en el último año?
RK12 ¿Cuántas personas en el hogar han solicitado atención médica por 
infección con zika en el último año?
_ _ /_ _ _ _
RESPUESTAS DE CONOCIMIENTO (ZIKA)
a) No
b) Si
¿Ha escuchado del zika? a) 
b) 
RK09
a) No (ir a RK14)
b) Si
¿Cuándo? (mm / aaaa) 
¿Ha tenido alguna vez zika? a) 
b) 






































¿Lleva a cabo la comunidad (barrio/conjunto) actividades 






¿Su familia ha participado en actividades para prevenir 




¿Cómo se protege de la infección 
con dengue / zika / chikungunya?
(Seleccione toda las que 
corresponden)
a) Nada
b) Elimina agua estancada sin 
protección dentro/cerca de la casa



































































































Como se transmite el dengue / 
zika / chikungunya
a) Identifica los mosquitos como 
modo principal de transmisión
b) No identifica los mosquitos como 
un modo de transmisión, o lo 
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